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@ Polymeric diffusion matrix and method of Its preparation. 

@ This invention provides a polymeric diffusion matrix 
comprising glycerol, polyvinylalcohol. a water-soluble 
polymer having hydration sites which in combination with 
the remaining ingredients yields a matrix capable of sus- 
tained release of a drug dispersed therein, and water. 
The matrix may further Include a .drug for topical or 
transdermal application to a patient. The invention also 
provides a method of making the polymeric diffusion 
matrix. The matrix may be used in the form of a package, 
^ which comprises the matrix (14) embedded in a backing 
^ member (10) provided with a detachable cover layer (12). 

Before use. the cover layer is removed, and the backing 
^ member applied to the patient by means of a pressure- 
^ sensitive adhesive layer (26), so that the matrix (14) is 
2j held against the skin of the patient 
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Polymeric diffusion matrix and method of its preparation 
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This invention relates to .a polymeric diffusion 
itrix. The matrix may be used as a transdermal drug 
delivery device for sustained releese of a drug as well 
as a burn matrix for application to burn patients. 

The polymeric diffusion matrix comprises, on a 
weight basis, from about 2 to about 60 % of glycerol, from 
aboMt 2 to about 15 % of polyvinylalcohol , and from about 
2 to about 10 % of a water-soluble polymer with hydration 
sites, e.g. polyvinylpyrrolidone, the balance being 
essentially water. The water-solubj e polymer having 
hydration sites is compatible with the remainder of the 
ingredients of the diffusion matrix of the invention to 
permit the sustained release of a drug. Other examples 
of such water-soluble polymers include agar, agarose,' 
and water-soluble cellulose derivatives. A therapeutically 
effective amount of a drug suitable for topical or trans- 
dermal application to a patient may be included in the 
diffusion matrix to form a drug delivery matrix. 

Preferably, the polyvinylalcohol has a molecular 
weight of at least about 70,000. In a preferred embodiment, 
the polyvinylalcohol has a molecular weight of from about 
100,000 to about 150,000. Polyvinylpyrrolidone is preferred 
as the water-soluble polymer. The polyvinylpyrrolidone 
molecular weight should be within the range of about 
20,000 to about 60,000, preferably from about 35,000 to 
about 50,000. 

In a preferred embodiment, a drug-contc ining 
polymoric matrix is provided. The drug is trinitro- 
glyccrol, preferably incorporated into the matrix in 
the form of lactose triturate. A drug delivery system 
suitable for the transdermal application of a drug to a 
patient over a prolonged period at a relatively constant 
level is provided which comprises the polymeric diffusion 
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matrix and means for securing the matrix to the skin of 
a patient. 

In a further preferred embodiip.ont, there is provided 
a polymeric diffusion matrix for application to burned or 
5 wounded areas of a patient. A drug can be dispersed or 
deposited on the diffusion matrix for application to the 
patient. 

According to the present invention, a polymeric 
diffusion matrix is provided comprising, on a weight 
basis, from about 2 to about 60 % of glyceirol, from 
about 2 to about 15 % of poly vinylalcohol , and from 2 
to about 10 % of a water-soluble polymer with hydration 
sites which is compatible with the remainder of the 
ingredients of the diffusion matrix to , permit the 

15 sustained release of a drug, the balance being water. 
The water-soluble polymer complements . the polyvinyl- 
alcohol by providing retention of shape of the desired 
diffusion matrix. Examples of such a water-soluble 
polymer with hydration sites suitable for the present 

20 invention include agar, agarose, polyvinylpyrrolidone 

and water-soluble cellulose derivatives. The matrix may 
further contain a therapeutically effective amount of 
one or more drugs suitable for topical or transdermal 
application to a patient, thus forming a drug delivery 

25 device. A preferred drug for use in this way is nitro- 
glycerin. 

The present polymeric diffusion matrix may be used 
in the uncured or in the cured state. When used as a 
drug diffusion matrix, the uncured state is preferred. 

3Q It may be used as a burn matrix without any drug, although 
this is not preferred. The term "cured" means that the 
polymeric diffusion matrix contains little or ho excess 
water used in forming the matrix. As shown below, the 
diffusion matrix is formed by mixing together the glycerol, 

35 polyvinylalcohol , the water-soluble polymer with hydration 
sites and water to obtain a homogeneous mixture which is 
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cast into sheets of the matrix. In order to allow 
casting of the mixture, it is sometimes necessary to 
use an excess amount of water. Immediately after casting , 
the polymeric matrix is in an "uncured" state. The 
excess water may then be permitted to evaporate. VVhen 
substantially all of the excess water has evaporated, 
the polymeric matrix is in a "cured" state. As a result 
of the evaporation of the water, which generally requires 
from about 1 to about 18 hours, the thickness of the 
diffusion matrix is reduced, or a. "collapsed" matrix is 
obtained. 

In a first embodiment, the present invention provides 
a diffusion matrix for the application of drugs to a 
patient (drug delivery matrix) . In another aspect of the 
present invention, the transdermal or topical application 
of drugs is contemplated via the diffusion matrix. The 
diffusion mbtrix of the present invention provides a 
steady release of the drug to the patient over an extended 
period, typically 24 hours. 

In its uncured state, the polymer ic diffusion matrix 
comprises, preferably, from about 2 to about 20 % of 
glycerol, from about 2 to about 15 % of polyvinylalcohol , 
from about 2 to about 10 % of polyvinylpyrrolidone, and 
the balance v;ater, aJ 1 percentages being by weight. Agar, 
agarose, water-soluble cellulose derivatives or other 
compatible substances may replace all or part of the 
polyvinylpyrrolidone. 

In the uncured matrix, the glyerol is present in an 
amount of from about 2 to 60 I, preferably 2 to 20 %, by 
weight. However, when trini troglycerol is the drug to 
be applied, the amount of glycerol should be within the 
range of from about 35 to 60 %. Preferably, the glycerol 
has a minimum specific gravity of 1.23 g/ml. 

The polyvinylalcohoj is present in the uncured 
matrix in an amount of from about 2 to about 15 
preferably from about 4 to about 9 % by weight. Preferably, 
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the polyvinylalcohol has a molecular weight of at least 
about 70,000. Most preferably, the molecular weight 
is from about 100,000 to about 150, 000, 

The water-soluble polymer with hydration sites is 
present jn the uncured matrix in an amount of from 
about 2 to about 10 preferably from about 2 to about 
5 S, by weight. In a preferred embodiment, polyvinyl- 
pyrrolidone is used as the water-soluble polymer. The 
molecular weight for the polyvinylpyrrolidone should be 
selected to maintain water solubility. In general, 
this molecular weight should be within the range of 
from about 20,000 to about 60,000, preferably from 
about 35,000 to about 50,000. The polyvinylpyrrolidone 
may be replaced by other ingredients which permit 
sustained release. For example, agar in an amount of 
from about 2 % to about 6 % ty weight may be used. 

The balance of the matrix comprises essentially 
water. 

When the matrix is uncured, it preferably comprises 
from about 2 to about 20 % of glycerol, from about 6 to 
about 12 % of polyvinylalcohol, from about 3 to about 
8 % of the water-soluble polymer having hydration sites, 
and the balance water. 

In its cured state, the polymeric diffusion 
matrix comprises from about 2 to about 55 %, prefercibly 
from about 4 to about 35 % of glycerol, from about ) 
4 to about 30 preferably from about 8 to about 20 % 
of polyvinylalcohol; from about 2 to about 20 %, 
preferably from about 4 to about lo % of a water-soluble 
polymer having hydration sites, preferably polyvinyl- 
pyrrolidone, and the balance water, all percentages 
being by weight. The molecular weight ranges for the 
polyvinylalcohol and polyvinylpyrrolidone are the serre 
for cured and uncured diffusion matrices. The cured 
matrix has a densi ty ^f.. about 1.2 g/nil . It is noted 
that the weight ratio of glycerol to water in the 
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cured matrix is about 0.6 - 1.8:1, preferably about 
1:1. The curec matrix shows little swelling when 
immersed in water and will not dissolve in water at 
room temperature. However, if the water is heated 

5 to boiling, the diffusion matrix will dissolve. 

At least one drug may be dispersed throughout 
the diffusion matrix. The type of drug which may be 
dispersed in the diffusion matrix of the present 
invi i.tion includes any drug which is capable of being 

IQ transdermally or topically administered to a patient. 
With the sustained release of the drug at a relatively 
steady rate over a prolonge^d period, typically 24 
hours, the patient is provided with the benefit of 
a steady application of the jlrug over the prolonged 
period. Examples of drugs which arc suitable for 
inclusion in the diffusion ma trix of ' the present 
invention include the following: alpha-[l (methylamino) - 
ethyl] -benzene methanol, which* ii- useful as an adrenergic 
(bronchodilator ) ; N-phenyl"N-[l- (2-phenylethyl) -4- 

20 piperidinyl propanamide, useful as a narcotic analgesic; 
6-chloro-3 , 4 -dihydro-2H-l , 2 , i-benzothiadiazine-V- 
sulphonamidc 1,1-dioxide, useful as a diuretic; 2- 
diphcnylmpthoxy-N,N-dimethylethanamino , useful as an 
antihistamine; and an estrogen. Other useful drugs 

25 include: an t i-microbial agents such as penicillin, 
tetracycline , oxy tetracycline, chlor tetracycline , 
chloramphenicol, and sulphonamides ; sedatives and 
hypnotics such as pentabar bital sodium, phenobarbital , 
secobarbital sodium, codeine, ( -bromoisovaleryl ) urea , 

30 carbromal, and sodium plienobarbi tal ; psychic energizors 
such as 3- (2-aminopropyl) indole acetate and 3-(2-amino- 
bu tyl ). indole acetate; tranquilizers such as reserpine, 
chlorpromazinc hydroclilor ide , and thiopropazate 
hydf ochloi'idc ; hormones" such as adrenocor tisos ter iods , 

35 for example, G-methylprednisolone ; androgenic steroids, 

for example, methyles tos terone , end f luoxymes terone ; 
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osLrogenic steroids ^ for example, estrone, estradiol 
and ethinyl estradiol; progestational steroids, for 
example, J "J-hydroxyprogesterone acetate , medroxy- 
progesterone acetate, 19-norprogesterone , and nore- 

5 thindrone; and thyroxine; antipyretics such as aspirin^ 
salicylamide, and sodium salicylate; morphine and other 
narcotic analgesics; antidiabetics, e.g, insulin; 
antispasmodics such as atropine, methscopolamine bromide, 
methscopolamine bromide with phenobarbital ; antimalarials 

10 such as the 4-aminoquinolines , 9-*aminoquinolines , and 
pyrimethamine; . and nutritional agents such as vitamins, 
essential amino acids, and essential fats. The 
above listing of drugs is merely exemplary of the 
transdermally applicable drugs. It is contemplated 

15 that any drug which may be transdermally applied is 
suitable for use as the drug to be applied via the 
diffusion matrix in the present device • 

It will be appreciated that the drug may be added 
to the above mixture not only in the form of the pure 

20 chemical compound, but also in admixture with other drugs 
which may be transdermally applied or with other 
ingredients which are not incompatible with the desired . 
objective of transdermally administering the drug to a 
patient. Thus, simple pharmacologically acceptable 

25 derivatives of the drugs such as ethers, esters, amides, 
acetals, salts and the like may be used. In some cases 
such derivatives may actually be preferred. 

The amount of the drug dispersed in the aif fusion 
matrix can be varied in accordance with the desired 

30 dosage and the length of time the matrix is to remain 
on the skin. However, the amount of the drug included 
in th^ matrix should generally be in excess of the 
amount ich is to be delivered to the patient. If the 
diffusion matrix is to be used for .24 hours, an 

35 approximate 10-fold q.xcoss of the drug should be 
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included. For example, if it is desired to apply about. 
5 mg of trinitroglycorol to a patient over 24 hours, 
a roughly ten-fold excess of the trinigroglycerol should ' 
be included in the diffusion matrix. Accordingly, from * 
40 to 60 mg is considered a preferred amount to provide 
a 5 mg release of trinitroglycerol over a 24 hour period. 
Quite obviously, the optimum amount that shoulc' he included 
in the diffusion matrix will vary according to factors 
such as the- period of release of the drug. 

In a preferred embodiment, there is used 
trinitroglycerol or 1, 2 , 3-propanotr iol trinitrate, which 
is useful in coronary medicine as a vasodilator. It 
is preferred to add the trinitroglycerol in the form of 
a lactose triurate, in view of the danger of explosion 
ot trinitroglycerol. In additic-n, the ratio of lactose 
triturate to the water and glycerol should avoid 
proportions v/hore the trinitroglycerol may separate and 
raise an explosion hazard. A preferred lactose triturate 
is a. composition comprising 10 % of nitroglycerin and 
90 % of bota-lactose. 

In forming the tr initroglyccrol^containing matrix, 
excess water is not required. Hence, this matrix 
comprises from about 35 to about 60 i, preferably from 
about 45 to about 55 % of glycerol; from about 2 to akouL 
15 preferably from about 4 to about 9 % of polyvinyl- 
alcohol; and from about 2 to about 10 %, preferably from 
about 2 to about 5 % of polyvinylpyrrolidore, the balance 
being cs-sontially water and all percentages being by 
weight. We have found that the amount of water evaporated 
from the uncured matrix is negligible, hence, the higher 
percentage for the glycerol. For this matrix, the 
weight ratio oi glycerol to total polymers is usually 
greater than 1, preferably from about 1.4 to 15:1. The 
polyvinylpyrrolidone may be replaced by other water- 
soluble polymers, in particular agar. 
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The cifnount of trinitroglycerol which should be used 
is bas^d upon a desired delivery of about 5 mg per patient 
over a 24 hour period. The diffusion matrix drug delivery 
system of the present invention to deliver the 5 mg in 

5 the 24 hour period should contain about 40 to 60 mg of 
the trinitroglycerol. To reach this objective, the 
concentration of the trinitroglycerol in the diffusion 
matrix and the area of the diffusion matrix are factors 
to consider. In accordance with a preferred aspect of 

10 ^^^^ present invention, from about 0,1 to about 4.0 % 

by weight of trinitroglycerol is included in the diffusion 
matrix. In a preferred aspect of the present invention, 
80 ml of the solution is mixed with 20 gm of lactose 
triturate, and this mixture is mechanically stirred until 

15 it is homogeneous. The resultant homogeneous mixture 

is poured into forms . preferably made of glass or stainless 
steel, these forms or templates producing a diffusion 
matrix having a thickness of about 3 to about 4 mm, in 
accordance with a preferred aspect of the present invention. 

20 This diffusion matrix is either cast or cut into pieces 

of the desired size. In a preferred aspect, squares of 

2 

about one inch (2.5 cm) on each side, or about 6.5 cm , 
have been prepared for ease of application to the patient. 
The following methods have been found convenient 

25 for preparing the diffusion matrix of the present invention. 

In a first method, the matrix is formed at atmospheric 
pressure. Water and glycerol are first mixed together. 
Since it has been found that alkaline mixtures have 
relatively poor stability, the pH of the mixture is 

3Q adjusted so tliat it is either neutral or slightly acidic, 
i.e., the pH ranging from about 6,5 to about 7*0* In a 
preferred embodiment, the pH is adjusted to within the 
above-mentioned range by adding sodium citrate and citric 
acid to the mixture. » 

35 The? poly vinylalcohol and polyvinylpyrrolidone are 
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then added to the glycerol-wa ter mixture at room 
temperature, with agitation • The mixture is heated to 
a temperature within the range of from about 90 to about 
95^C at atmospheric pressure to. extend the polymers. The 

5 mixture is held at this temperature for about one hour. 
If desired, the mixture may be maintained at this 
temperature for a period of about 48 hours prior to the 
addition of the. drug. That is, the mixture is stable 
for a period of about 48 hours and may be kept for such 

10 a period before being mixed with the drug to be delivered 
to the patient. Thereafter, the mixture is cooled to 
80°C and stirred for an additional hour to remove bubbles 
therefrom. The drug to be applied to the patient is then 
added to the mixture, with thorough agitation. Once a 

15 homogeneous mixture of the polymer solution and drug is 
obtained, the mixture is ready to be cast into sheets of 
the drug-containing diffusion matrix. In a preferred 
embodiment, the drug may be dissolved by agitation in a 
suitable solvent such as glycerin and water. The solution 

20 obtained in this way can be maintained at room temperature 
for prolonged periods without deterioration. 

In a second method, water and glycerol are mixed, 
with the p!I of the mixture adjusted to a desired value 
by adding suitable amounts of sodium dictrate and citric 

25 acid. Thereafter, the polyvinylalcohol and polyvinyl- 
pyrrolidone are added. The resulting mixture is then 
heated to a temperature of about 120®C at a pressure of 
about 2 atmospheres absolute. The temperature is 
maintained for about 1 hour without any mechanical 

30 agitation. In a preferred embodiment., the heating may 
be performed in an autoclave. Since bubbles are not 
formed when the heating is conducted in an autoclave, such 
a procedure is preferred. Thereafter, the temperature is 
lowered to about 20 to about 80°C whereupon the drug to 

35 be applied to the patient is added. After the drug has 
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been homogeneously dispersed in the liquid mixture, 
the miocture is poured into moulds to form sheets of 
the drug-containing diffusion matrix. 

In the above methods and for the case of nitro- 

5 glycerin and other drugs having similar limitations/ the 
drug must be added and mixed thoroughly when the polymer 
mixture is in the liquid state. Furthermore , the mixture 
should be cast within about 30 minutes after the drug has 
been introduced into the polymer solution. This is 

IQ important in order to avoid the setting of the polymer 
solution prior to casting. 

The temperature at which the drug is to be added to 
the matrix solution depends on the stability of the drug. 
For example, nitroglycerin begins to decompose at a 
temperature ot above about 5U°C. Accordingly, in preparing 
a nitroglycer in-containing diffusion matrix, the matrix 
solution mixture is cooled to about 50^C, whereupon the 
nitroglycerin is added. The drug-containing diffusion 
solution is then cast into moulds to form sheets of the 

20 final product. In addition, for nitroglycerin, the pH 
of the solution mixture should be kept slightly acidic, 
i.e. between 6.5 and 7.0, since nitroglycerin is stabilized 
within this pH range. 

A hydrophobic coating on a drug delivery matrix 

25 may be desired in the case of treating patients having 
wounds or burns. Silicone oil may be added in amounts 
ot about 0.1 to 10 % by weight, based on the matrix^ 
in the initial mixture ot glycerol and water. Mineral 
oil or vegetable oil may be substituted in whole or in 

20 part for the silicone oil. The oil serves to reduce 

transdermal loss of water in the wounded or burned patient. 

podecyl alcohol of sorbitan {Twecn-20) or other 
detergents may be added in an amount of 0.1 to 10 % by 
weight, based on the matrix, as a dispersing agent, if 

-jc desired , 
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For druys that are alcohol-soluble, it may be 
desirable to add ethanol or isopropanol in an amount 
of from 2 to 40 % by weight, based on the matrix, 
in the initial mixture of glycerol and water, to 

5 facilitate the preparation of a' diffusion matrix for 
such alqohol-soluble drugs. In addition, ethanol and 
isopropanol, when added to the initial mixture, will 
provide a "collapsed" diffusion matrix, i.e. as the 
ethanol and isopropanol evaporate the diffusion matrix 

j^O produced in accordance with the present invention will 
"collapse". 

An absorption facilitator to ensure skin penetration 
such as dimethylsulphoxide, decylmethylsulphoxide, or 
other penetration enhancers may be added. 

15 is desired to increase the effective lifotimc 

of the diffusion matrix, a drug reservoir may also be 
attached to the diffusion matrix. The diffusion matrix 
may also be used to help with local vasodilation to assist 
in the solution of physiological problems resulting from 

20 local circulatory dif f iciencies , for example, to promote 
circulation in the extremities of a geriatric patient. 

The present drug delivery device comprises the 
drugrcontaining diffusion matrix and means for fastening 
the matrix to the skin of a patient. Such means can take 

25 various forms, such as an occlusive backing layer forming 
a kind of "bandage" with the diffusion matrix being held 
against the skin of a patient being treated. A poly- 
ethylene or Mylar tape is contemplated as one form of 
occlusive layer in accordance with the present invcntiori. 

3Q It can also take the form of an elastic band, such as a 
cloth band, a rubbery band or other material. Here, the 
diffusion matrix is placed directly on the skin and 
hold in place by such elastic band which typically will 
bo placed over the arm or wrist of the patient. An 

35 intermediate adhesive layer between the diffusion inatriir 



10 
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and the skin capable 'of permitting the transdermal 
application of the drug can also be used. 

As a preferred embodiment in the packaging of the- 
present matrix, the drnig-containing diffusion matrix 
is placed in a cavity provided in an inert backing 
material. Useful backing materials include metal foils 
such as aluminium foil, polyolefins such as polyethylene 
and polypropylene, polyesters such as Mylar (polyethylene 
terephthalate) , polyamides such as Nylon and the like. 
ThQ drug-containing diffusion matrix can be poured in 
its molten state into the cavity and permitted to 
cool. An cidhesive layer is provided on the backing 
material surrounding the cavity. To prevent air from 
coming into contact with the matrix, the adhesive layer 
l^t, and the matrix- are sealed with a release layer. To use 
the device, the patient peels off the release layer and 
places the device in intimate contact with his skin. 
The exposed adhesive layer secures the device to the 
patient. Since a concentration gradient exists in a plane 
2Q normal to the surface of the matrix and the patient's 

skin, this condition facilitates the diffusion of the drug 
through the matrix into the patient's body. Thus, there 
is provided a device whereby a drug is delivered . 
transdermalJy to a patient at a steady rate over a 
25 proJohged period of time. 

Reference is now made to the accompanying drawings, 
in which: 

Figure 1 shows a plan view ot a bandage having 
incoriJoral eel tlicrein the drug-containing polymeric 
2Q diffusion matrix of the present invention; and 

Figure 2 illustrates the cross-sectional view along 
line 2-2' in Figure 1. 

The construction of a preferred embodiment for the 
i:)ackaging of the present invention is shown in further 
35 detail in Figures 1 and 2, As illustrated in the Figures, 
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the package comprises a bandage having a cover layer 12 
and a backing member 10. The diffusion matrix 14 having 
a drug (o.g- trinitroglycerol) dispersed therein is placed 
in cavity 16 in the backing member 10. The diffusion 

5 matrix may be poured in its molten state into the cavity 
16 in the backing member 10 and permitted to cure. 
Alternatively, the molten polymeric mixture (with or 
without a drug) is cast to form a thin sheet which is cut, 
after curing, into smaller sheets to fit the particular 

10 application of the matrix. Individual smaller sheets may 
then be placed in the cavity 16 in the backing member 10, 
The area 18 surrounding the matrix in the backing member 
10 is heat-sealcd to prevent the matrix from being removed 
from the backing member. The backing member 10 is formed 

15 of a laminate comprising an outer layer 20 made of a 

polyester, such as polyethylene terephthalate , an inter- 
mediate layer 22 made of a metallic foil, e.g. aluminium 
foil, and an inner layer 24 made of an ionomer , such as 
Surlyn. A layer of pressure sensitive adhesive 26 is 

20 provided on the surface of the inner layer surrounding 
the heat scaled portion. It is noted that the adhesive 
does not cover the matrix. 

The, matrix is prevented from coming into contact with 
the atmosphere by placing the cover layer 12 thereon, which 

25 seals the matrix. The cover layer is also formed of a 

laminate having the same construction as the .backing layei*, 
i.e. an outer layer 28 made of a polyester, e.g. poly- 
ethylene terephthalate; an intermediate layer 30 made of 
a metallic foil, e.g. aluminium foil; and an inner layer 

30 32 of an ionomer, e.g. Surlyn. The surface of the inner 
layer coming into contact with the pressure sensitive? 
adhenive 26 on the backing member 10 is coated v;ith a 
release layer 34 to permit easy removal of the cover layer. 
To apply the drug to the patient, the cover layer is 

35 peeled off. The exposed matrix is then taped onto a 
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suitable^ portion of tlie patient's body, e.g. arm or 
wrist, to allow tho druy to diffuse thereinto. 

In the preferred embodiment wherein trinitroglycer'ol 
is dispersed in the polymeric diffusion matrix, the 
5 molten matrix is cast into cavities provided in the backing 
member. The matrix is permitted to cure for a short 
period (e.g. about 10 minutes to about one hour) and is 
sealed by placing the cover layer over the backing member. 
In another embodiment of the present invention r a 

10 polymeric mcitrix for application to a burned portion of 
a patient's body is provided (burn matrix). In this 
embodinien t , the matrix, preferably in a cured state, 
comprises a water-soluble polymer with hydration sites, 
polyvinylalcohol , glycerol and water. Examples of the 

15 water-soluble polymer include polyvinylpyrrolidone , agar, 
agarose, water-soluble cellulose derivatives, and other 
compounds v.'hich.are compatible with the remainder of the 
ingredients of the diffusion matrix of the invention to 
permit sustained release of a drug. 

20 ^ matrix in an uncured state, the water-soluble . 

polymer is present in an amount of from about 2 to about 
10 o, preferably from about 3 to about 8 S by weight. For 
polyvinylpyrrolidone , whicli is a pref e^rred • water-soluble 
polymer, it has a molecular weight of from about 25,000 

25 to about- 60,000, preferably from about 35,000 to about 
50,000. The polyvinylalcohol is present in an amount 
of from about 2 to about 15 « preferably from about 6 to 
about 12 by weight. The polyvinylalcohol has a molecular 
weight of from about 100,000 to about 150,000, preferably 

30 from about 120,000 to about 135,000- The glycerol is 
present .in an amount of from about 2 to about 20 %, 
prefeFObly from about 2 to about 18 t by weight. 
Preferably, the glycerol is a 96 t aqueous glycerol 
solution. 

3b As a f>irf crrod embodiment, there is provided a 
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polymeric diffusion matrix which comprises in its uncurod 
state and on a weight basis: about 10.5 % of polyvinyl- 
alcohol (molecular weight 126,000); about 6 % of poly- 
vinylpyrrolidone (molecular weight 40,000); about 
15 S of glycerol; and the balance water. 

The relative weight amounts of polyvinylalcohol 
to polyvinylpyrrolidone that have been considered range 
from about 3:1 to about 1:1. in actual practice, 
however, at a range of about 3:1, less than optimum 
results are obtained with the burn matrix swelling to an 
unacceptable degree, and at the ratio of 1:1 the burn 
matrix tends toward being soft and sticky. Thus, in 
accordance with a preferred aspect of the present 
invention, we have found that a weight range of polyvinyl- 
alcohol to polyvinylpyrrolidone should be between about 
2:1 and about 3:2. The weight ratio of glycerol to 
total polymers for the burn matrix is usually less than 
1, preferably about 0.5-1:1. 

The amount of water which is to be utilized in the 
preparation of a burn matrix in accordance with the present 
invention in its generic aspect is related to the amount 
of glycerol which is used to make the burn matrix of the 
present invention. The amount of water by volume exceeds 
the amount of glycerol that is used in the initial mixture 
of ingredients. According to a preferred embodiment of 
the present invention, water. is present in an amount of 
from about throe to about seven times the amount of 
glycerol present in the initial mixture of ingredients. 
After the manufacture of the burn matrix of the present 
invention, the matrix is "cured" to eliminate most of the 
water, where water has been used in excess. The amount 
of time for the cure depends upon conditions such as the 
amount of excess water. in a preferred embodiment where 
20 ml of glycerol is mixed with 100 ml of water, the cure 
time is about 24 hours, yielding a burn matrix with an 
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approximately equal amount of water and glycerol • 

In order to prepare the burn matrix of the present 
invention, the water and glycerol are mixed together;^ 
preferably at a somewhat elevated temperature, e.g. 50^C. 

5 The polyvinylalcohol and the polyvinylpyrrolidone are 
addea under agitation with the temperature being raised 
and with continued agitation until solution is effected. 
The temperature in one embodiment is raiseo to about 
95°C with solution being effected at that temperature. 

IQ The resulting homogeneous mixture is then poured onto 
forms which are typically of glass or stainless steel 
serving as templates to produce a burn matrix having a 
thickness of about 3 to about 4 mm. Where excess water 
has been included in the burn matrix, the burn matrix is 

25 cured to permit elimination of the excess water. For 
example, where a 5:1 volume ratio of water to glycerol 
was used, the freshly prepared burn matrix was permitted 
to set for about 24 hours, resulting in a burn matrix 
having a thickness of about 1 to '2 mm. The preferred thick 

20 ness for a "cured" burn matrix is from about 0.1 to about 
2 mm. * 

The molten burn matrix is preferably 'cast to form 
a sheet of the matrix. After curing, the sheet is cut 
into smaller sheets having a suitable surface area. The 

2 5 smaller sheets can then be deposited on an appropriate 
backing layer. Alternatively, the molten burn matrix 
material can be poured onto a backing layer to form a 
sheet of the matrix in intimate contact with the backing 
layer. The backing layer can be made of laminates 

30 comprising a polyester outer layer, a metal foil 

intermediate layer, and a ionomer inner layer. The 
matrix/backing layer laminate can be wound to form a roll 
of the matrix or cut into smaller sheets of suitable 
size. 

35 Where drugs. are to be included in the burn matrix. 
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they may be added, in the case of drugs soluble in the 
burn matrix, to the homogeneous mixture prior to casting, 
or after curing of the matrix, by the physician or 
pharmacist at his direction shortly before the need for 
application arises* permitting a wider flexibility in 
topically applying a medicine to the patient. Generally, 
water-insoluble drugs may be included in the burn matrix 
either through original incorporation into the mixture 
of water and glycerol or through subsequent application 
of the drug into the already prepared burn matrix. 
Where the drug is to be applied to a typical burn matrix 
of the invention having a thickness of about 2 mm, the 
drug may be painted onto the surface of the burn matrix 
or it may be applied through other means, such as an 
aerosol. A sufficient period of time, e.g., 4 hours, 
should be provided for the drug to diffuse through the 
burn matrix of the present invention. In order to provide 
an anesthetic effect, a water-soluble anesthetic such as 
xylocaino may be applied through ahy of the above modes 
available for water-soluble drugs. The amount of the 
water-soluble drug that is to be dispersed in the burn 
matrix of the present invention should be in excess of 
the amount which is to be administered to the patient. An 
excess of 1:1 to 10 times the actual amount of drug which 
is to be administered to the patient should generally be 
used. ' 

A water-soluble antibiotic to counter the possibility 
of infection should also be considered for inclusion in 
the burn matrix of the present invention. Because of 
the option of including the specifically desired anti- 
biotic after the preparation of the burn matrix of the 
present: invention, the individual physician is given 
great latitude in selecting the desired antibiotic 
to take into account the particular needs of the specific 
patient being treated. An example of a water-soluble 
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antibiotic which may be incorporated into the burn 
incitriK of the present invention is Penicillin VK. 

Water-insoluble materials may also be desirably 
included in the burn matrix of the present invention* 
Such materials are preferably introduced directly into 
th3 intitial mixture of water and glycerol at the outset 
of the manufacturing process for making the burn matrix 
of the present invention. In accordance with one aspect, 
of the invention, there is provided a zinc substance 
in an amount from about 0.4 to about 2 % by weight based 
upon the final weight of the cured burn matrix of the 
present invention. Zinc chelates may be used as the 
2inc substance of this aspect of the present invention. 
In accordance with a further embodiment within the scope 
of the present invention, about 0.4 to about 2 % by 
weight of zinc or silver sulphadiazine is incorporated into 
the burn matrix of the present invention for retarding 
Pseu demon as infections. 

In making zinc or silver (or other water-insoluble 
containing) burn matrix of the present invention, the 
zinc or silver material is preferably added with a small 
amount of the glycerol- The amount of glycerol needed to 
make the suspension is substrated from. the amount of 
glycerol initially mixed with the water. A uniform 
sunpcnsion of the zinc or silver compound and glycerol is 
added together with the water and remainder of the 
glycerol , preferably as the last stage prior to casting. 

In addition to local anesthetics and antibiotics 
which can be applied to or incorporated into the burn 
matrix of tlie present invention, other topical medicines 
may also be applied to or incorporated in the burn matrix. 
Examples oF useiul topical medicines include fungicides, 
bacttricidQS, an t i-micoplasma (E, coliplasma) , analgesics 
and Jocal anes thetics . 

The amount of d^rug which can be incorporated into 
the burn matrix is up to about 1 ^ by weight of the burn 
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r»atrix. The Lerm "incor proa tod" means that the drug 
is added to the polymer mixture before casting. The amount' 
of drug which can be painted onto the surface of the matrix 
varies in accordance with the drug applied. 

A hydrophobic casting may be desired in the burn 
matrix of the present invention. For this purpose, 
silicone oil may be added in amounts of about 0.1 to 10 % 
by weight, based on the matrix in the initial mixture of 
glycerol and water. Mineral oil or vegetable oil may 
substitute in part or whole for the silicone oil, which 
lowers the transdermal loss of water in the patient. 

The burn matrix in accordance with the present 
invention is . a flexible and transparent polymer which is 
suited for being applied directly to a burned portion of 
the patient being treated for most parts of the body. 
After hydration, the burn matrix is highly flexible and 
will adhere mildly to the skin. The degree of adherence, 
is sufficient to hold the burn matrix in place but "not 
enough to injure the patient's skin when it is removed. 
It is contemplated that the burn matrix should be replaced 
periodically, typically at 24 hour or longer intervals. 

The burn matrix of the present invention may be 
stored for prolonged periods, par ticularly " when placed 
in a sealed container. 

The method of administration of this invention is 
suitable also for adaptation to buccal and especially to 
sublingual administration. Because of the much higher 
rate of absorption through the mucosa by that route, much 
shorter periods of administration are required. 

Th^ matrices of the present invention are illustrated 
in the following Examples. Since the Examples are for 
illusti-ativc purposes, they should not be construed as 
limiting. 
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EXAMPLE 1 

4 5 ml of glycerol and 4 5 ml of water together 
with !«■ by weight of sodium citrate are mixed together 
and the pH is adjusted to 7 through addition of citric 

^ acid. This mixture is heated to 90**C.; after reaching 
at least 70**C. there are slowly added 7 gm of polyvinyl 
alcohol (PVA lOO^ hydrolyzed, molecular weight 115,000) 
and 5 gm of polyvinylpyrrolidone (mw 40,000). The 
mixture is stirred at 90**C. until solution is effected, 

10 which may take al-out 10 minutes, it being appreciated 
that v/ith larger quantities, a considerably longer 
period of time may bo needed. 80 ml of this solution 
is then mixed with 20 gm of lactose triturate (10% of 
nitroglycerin and 90% of lactose) , this mixture then ' 

15 being mechanically stirred until homegenous. The 

homoocnoiis mixture is then poured into forms made of 
glass or stainless steel which serve as templates to 
produce a diffusion matrix having a thickness of about 
3 to\^4mm. This diffusion matrix is then cut into 

20 square pieces of about 1 inch (2.5 cm) on each side, 

2 

i.e. to provide a total surface area of about 6.5 cm . 
EXA/lPhE m 

Example 1 is repeated with the exception that 
.3 gm of aqar is used instead of the poly vinylpyrrolidone • 
25 Also included in the mixture is 1% by weight of calcium 
chloride . 
EXAMPLE III 

The dif fusion matrix of Example I is applied 
to a patient by placing it against the wrist, shoulder 
30 or other sites of the patient. 
EXAMPLE TV 

*Thr diffusion matrix of Example I is applie:d 
to a patient by first attaching tlie diffusion matrix 
to a MYLAR or polyethylene backing layer. This occlusive 
35 backing layer is provided with an adhesive whereby the 
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diffusion inatrix is held in contact with the skin as 
part of thir, "bandago" . 
EXAMPLES V-X 

By substituting an appropriate amount of the 
following chemicals, in place of the lactose triturate, 
and otherwise following the procedure of Example I, 
diffusion matrices are obtained: 

EXAMPLE ; COMPOUND usj: 

V 

VI 



VII 

Vill 

IX 

X 



Alpha- [1 (methylamino) -ethyl) 
benzene methanol 

N-phonyl-N-[l-(2-phenylethyl) - 

4 - piperidinyl] propamide 

6-chloro-3 , 4-dihydro-2H ,1,2,4- 

ben2othiadia2ine-7-sulphonamide 
1,1 -dioxide 

2-diphcnylmethoxy-N,N-dimethyl- 
ethanamine 

estrn-1 , 3, 5 (10) triene-3-, 
17beta-diol 

5- cthyl-5-phonyl-2,4,6(lH,3H, 
5H) -pyrimidinotrione 



adrenergic 
(broncho-dilator) 

narcotic 

analgesic 

diuretic 



antihistamine 

estrogenic 

anticonvulsant , 
hypnotic, sedative 



EXAMPLE XI 

948 g of 96Z glycerol and 644 g of water are 
mixed together. 27 g of sodium citrate, 159 g of 
polyvinyl alcohol (molecular weight 115,000) and 93 g 
of polyvinylpyrrolidone (molecular weight 4O,OO0) 
are dissolved in the glycerol/water mixture by 
continuous stirring and maintaining at a temperature 
of about 90°c. ■ 

In a separate container, 600 g of nitroglycerin 
triturate (10% of nitroglycerin and 90% of lactose) 
arc dissolved in 315 g of glycerol and 214 g of watri 
with aqi'tation at room temperature. 

When the polymers have gone into solution, the 
nitroglycerin dispersion is poured therein. The mixture 
ir. mixed thoroughly at a temperature range of between 50 



f . ooitosei 

i - 22 - 

ind 55 ''C to form a homogeneous mixture. The 
container is kept covered. 

The homogeneous mixture is poured into forms 
made of glass or stainless steel which serve as templates 
to produce a drug-containing diffusion matrix having 
a thickness of about 3 to 4 -mm. This diffusion matrix 
is then cut into square pieces of about 1 inch (2.5 cm) 
on each side, . i.e. to provide a total surface area of 
2 

al")Out 6.5 cm . 
EXAMPLE XT I 

lOO ml of water and 20 ml of glycerol are mixed 
together and heated to about 50»C. 8 gm of 
polyvinylalcohol (molecular weight 126,000, 100% 
hydrolyzed) is slowly added while the preparation 
is undergoing rapid agitation. After the polyvinyl- 
alcohol is uniformly dispersed, 5 gm of polyvinyl- 
pyrrolidone (molecular weight 40,000) is added with 
continued stirring- The preparation is then heated to 
n'lout 95«>C until solution is effected. At this point, 
the preparation may be cast. onto a flat preparation so 

that it can harden. 

The homogenous mixture is poured onto a 
r.tainler.P Ptpel plate resulting in. an uncured burn 
matrix having a thickness of about 3 to 4 mm. The burn 
matrix is cured by letting water evaporate for about 
24 hours, leaving a cured burn matrix having a thickness 
of about 1 to about 2 mm. 

The burn matrix has the following compositions: . 

r, by weight 

InrjrecUpnts uncured cured 

. -1 -J Q 34.6 
alycerol ^ ' 

113 

pol yv-TLnylnlcohol 5.8 
polyvinylpyrrolidone 3.6 

72 7 47.0 
wat er '-^ • ' 
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EXAMPLE XIII 

A piece of tho cured burn matrix of Example XII 
is placed on a tost system of 101 aqueous gelatin cast 
into a Petri plate, to serve as a model for testing 
the burn matrix. On this model, it was found that 
the burn matrix of the present invention does not 
appreciably swell but does permit a small amount of 
water evaporation and further permits the exchange 
of some gases by diffusion processes across the 
perpendicular dimension of the burn matrix. The burn 
matrix of the present invention retards the loss of 
water vapour from a 10% gelatin preparation by 
approximately a factor of lO. 
EXAf-lPLC XIV 

A one inch (2.5 c.y\) square piece of the cured 
burn matrix of Example XII is used as a model for 
preparing a burn matrix with water-soluble medicinal 
additives. Painted onto one side of tho burn matrix 
of Example I is 10 mg of Xylocaino. After painting 
the Xylocaino onto tlic burn matrix, the burn matrix 
is permitted to stand for about 4 hours, resulting 
in a burn matrix having tho Xylocaine diffused therein. 
EXAMPLE XV 

In place of the Xylocaine of Example XIV, 30 mg 
of Penicillin VK is applied to the burn matrix, 
resulting in a burn matrix having antibiotic 
proportion over the 24 hour period desired for the life 
of the burn matrix. 
EXAMPLE XVI 

Example XIV is reponLcd, except that in addition 
to tho Xylocaino, there is also simultaneously painted 
onto tho burn matrix 30 mg of Penicillin VK . The 
resulting burn matrix provides both antibiotic ; 
protPction against infection and relief from pain over 
an extended period, due to the slow release of the ; 
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Xylocainc over a prolongcf] period. 
EXAMPLK XVII 

The procedure of Example XII is repeated, with 
the following variations: 18 ml instead of 20 ml of 

5 glycerol arc used. In addition, sufficient zinc 

sulphadiazine to make up 1% by weight of the final 
cured burn matrix is suspended in 2 ml of glycerol. 
This suspension is added to the mixture of other 
ingredients as the last step prior to pouring onto 

10 the stainless steel plate. 

The resulting cured burn matrix provides the 
additional advantage of protecting the burn victim 
over an extended period against Pseudomonas infection. 
In place of zinc sulphadiazine, silver sulphadiazine 

15 may be used . 

EX/J-IPLE .XVI 1 1 

The procedure of Example XVII is repeated 
except that the zinc sulphadiazine is replaced by 
20 mg of Cephalosporin, resulting in a burn matrix having 

20 antibiotic proper ties . 
EXAMPLE XIX 

Male dogs are anesthetized with sodium pentothal. 
Through surgical incisions, catheters are positioned 
in the. femoral veins of each hind leg and in the 

25 abdominal aorta. Flow guages are placed on the 

internal iliacs of both hind limbs. On a well-shaved 
area of the medial surface of the left thigh, a 
nitroglycerin-containing polymer matrix obtained in 
Example 1 in taped in place and remains undisturbed 

30 for 4 hours. The right hind limb receives no matrix 
or treatment of any kind. After application of the 
matrix, blood samples (5 ml) are taken from the 
catheters in each of the femoral yeins and from 
that in the abdominal aorta at 15, 30, GO, 120, 180 

35 and 240 minutes. Once drawn, the blood samples are 
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put in ice,centrifuged (for lO minutes) at 0«C., and 
2 ml of plasma are transferred to a silanized (with 
an alkylated silicone oil) glass tube. To each tube, 
5 ml of n-pentanc is also added and the nitroglycerin 
is extracted for 1 hour with gentle shaking at 0<*C. 
The pentane phase is then transferred to a 5 ml capacity 
Recti-Via (Trade Mark) and evaporated to near dryness. 
The residue is then dissolved in 30 microlitres of 
benzene containing 2 nanograms of para-nitro-anisole 
used as the external standard. l.O to 50.0 microlitres 
of this solution are then injected for nitroglycerin 
quantitation using GLC-Eldctron Capture Detection. 
(A Hewlett-Packard 4 610A Gas chromatograph equipped 
with a ^'^Ni-clectron capture detector is used.) 
Separation is achieved on a 4 foot (120 cm) x 3 mm . 
I-D. glass column packed with 10% SE-30 on 100/120 mesh 
GAS-CHROM 0 (Trade Mark). The column is maintained 
at 140*^C. while the injection-port temperature is 
170**C. and the detector temperature is 220**C. A 
nitroglycerin calibration curve is constructed from 
the analyses of nitroglycerin spiked blank-plasma. 

The results from the above test runs, 
summarized in Table 1, show dramatically that nitro- 
glycerin is absorbed transcpidermally from the matrix 
over the entire 4 hour period. Also, the levels attained 
in the venous bipod draining the limb containing the 
matrix are grossly proportional to the matrix surface 
area in contact with the skin. 

From the results of the studies here discussed, 
it is evident tliat transepidermal nitroglycerin 
absorption has occurred from the matrix to blood. 

.The nitroglycerin absorption rate appears to 
be fairly constant from 30-240 minutes as depicted hy 
the essentially non-varying arterial nitroglycerin 
plasma levels. 
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M/iTRlX SIZE- 
STUDY NO. 
S.^MPLE 



TABLE 1 

S.Ocm X 7.5cm 5.0cm x 2.5cm 2.5cm x 2*. 5cm 

1 2 3 

nanograms ' nitroglycerin per ml plasma 



ARTERIAL-15 min . 

-30 min. 

-60 min. 

-120 min. 

-180 min. 

-240 min. 
EXri:RIHENT7vL 



VENOUS 
tt 



COl.'TROL 
VENOUS 



-15 min. 
-30 min. 
-60 min. 
-120 min. 
-180 min . 
-240 min. 

-15 min. 
-30 min. 
-60 min. 
-120 min. 
-1 80 min . 
-240 min. 



0.68 
0,57 
0.73 
0.85 
1.29 
1.26 

0.95 
0.51 

15.3 

26.9 

32.9 

32. 0 

0.44 
0.61 
7.40 
2.33 
9.87 
13.9 



0,14 
0.15 
O.IS 
0.49 
0.68 
0.21 

5.70 

8.31 
11.4 

7.63 
13.7 

5.55 

9.18 
21.6 
-4.51 
13.0 
14.5 

4.10 



0.27 
0.53 

0.36 
0.50 
0.30 

0.40 
0.32 
0.52 
0.75 
0.57 
0.23 

0.09 
0.15 
0.28 
0.42 
0.39 
0.23 



10 



EXAMPLE XX 

Five male mongrel dogs, free, of disease , are 
anethetized with sodium. pentabarbital. Under a septic 
surgical procedure, a catheter is inserted into the 
right artrium via the jugular vein for the removal of 
blood. samples from the right heart. An arterial catheter 
is plticod in the right carotii3 artery for the continuous 
recording of arterial blood pressure. Both catheters 
are exteriorized at the back of the neck. 

The animals are allowed to recover from the 
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anesthetic and are studied 24 hours later in the fasted, 
conscious state while resting comfortably in a supporting 
harness . 

Each animal is allowed to become familiar with 
the laboratory surroundings and when completely 
acclimated^ a 20 ml reference blood sample is obtained 
from the right heart catheter. A 2.5 cm x 2.5 cm square 
of the nitroglycerin containing polymer matrix obtained in 
Example I is then applied to a well shaved area of the 
right lateral chest wall. The matrix is held securely 
in place with surgical tape. After application of the 
polymer matrix, 5.0 ml blood samples are obtained at: 
15 min, 30 min, 45 min, 1 hr , 2 hr> 3 hr , 4 hr, 5 hr, 
6 hr, 7 hr, 8 hr, 9hr, 10 hr, 11 hr, 12 hr , 14 hr, 16 hr, 
18 hr, 20 hr, 22 hr and 24 hr. The animals are conscious 
and. unrestrained during the entire 24 hour period of 
sampling. At no time do the animals display any 
unfavourable effects due to the transcutaneous 
administration of nitroglycerin. 

Immediately after drawing, the blood samples are 
put in ice and transferred to a walk-in refrigerator and 
contrifuged for lO minutes at 0**C. A 2 ml. aliquot of plasma 
is taken from each specimen and transferred to individual 
silanizod (with an alkylated silicone oil) glass tubes. 
A 5 ml volume of n-pentane is added to each tube and the 
nitroglycerin is extracted for 60 minutes with gentle 
shaking at 0«*C. The pentane phase is transferred to a 
5 ml" capacity r<eacti-Vial and evaporated to near 
dryness. The residue is dissolved in 30 microlitres 
of benzene containing 2 nanograms of para-nitro-aninoJ e 
used as the external standard. A 1,0 to 5.0 microlitre 
aliquc^t of this solution is. injected for nitroglycerin 
quantitation using GLC-Electron Capture Detection 
(Hewlett-Packard 4 610A Gas Chroma tograph equipped 
with a "^Ni-eloctron capture detector). Separation is 
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achieved on a 4 foot (120 cm) x 3 mm I.D. glass column 
packed with 10 % SE-30 on 100/120 mesh GAS-Chrom Q 
(Trade Mark) • The column is maintained at 140 C. while 
the injection-port temperature is 170**C. and the 

5 detector temperature is 220°C. A nitroglycerin 

calibration curve is constructed from the analyses of 
nitroglycerin-spiked blank plasma. 

Table 2 summarizes the plasma nitroglycerin data 
from the dogs.* At each time point the mean - the standard 

10 deviation is listed in the Table. 
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HOURS luj nitroglycerin / ml. plasma 

^^^"^ DOG~l DUG 2 ~D0G~3 UOG 4 DOG 5 5 COGS '/-S.D, 



APPLICATION 



0-25 


0.11 


0.39 




. 0.37 





0.29 


0.16 


0.50 


0.08 


0.28 


0.02 


0.16 


0.16 


0.14 


0.098 


0,75 


0.08 


0.29 


0.02 


0.14 


0.19 


0.14 


0.10 


1 .00 


0.23 


0.19 


0.15 


0.10 


0.36 


0.21 


0.099 


2.00 


0.22 


0.57 


0.02 


0.22 


0.27 


0.26 


0.20 


3.00 


2.06 


0.38 


0.04 . 


0.88 


0.17 


0.71 


0.82 


4 .00 


0.52 


0.81 


0.11 


0.28 


0.26 


0.40 


0.27 


5.00 


0.22 


1.00 


0.28 


0.17 


0.11 


0.36 


0.37 


6 .00 


0.23 


0.63 


0.24 


0.55 


0.88 


0.51 


0.28 


7.00 


0.93 


0.70 


0.45 


0.34 


1.23 


0.73 


0.36 


8.00 


0.16 


2.39 


0.70 


0.42 


0.45 


0.82 


0.90 


9.00 


0.22 


0.59 


0.32 


0.34 


0.10 


0.31 


0.18 


10.00 


0.11 


0.83 


0.59 


0.31 


0.66 


0.50 


- 0.29 


11.00 


0.07 


0.77 


0. 13 


0.35 


0.50 


0.36 


0.28 


1-2.00 


0.35 


0.55 


0.37 


0.29 


0.12 


0.34 


0.15 


14 .00 


0.04 


0.39 


0.18 


0.17 


0.20 


0.20 


0.13 


16 .00 


0.07 


0.41 


0.28 


0.57 


0.32 


0.38 


0.17 


18.00 


0.26 


1.17 


0.32 


0.29 


0.39 


0.49 


0.39 


2 0.00 ' 


' 0.34 


0.41 


0.52 


0.33 


0.24 


0:31 


0.11 


22.00 


0.20 


1.11 


0.6 6 






0.66 


0.46 


24 .00 


0.27 


o;43 








0.35 


0.11 



From these results, it is evident tha t transcutari<^ous 
nitroglycerin absorption does occur, and does sc at a / 
constant and continuous rate so as to achieve a plateau 
plasma nitroglycerin level ranging from about avcraar valuor cf 
0.3 - O.G ng nitroglycerin /ml. plasma. The data al5^o show 
that the 'temporal limits of the n i troglycc>r in matrix have not 
l>ccn exceeded, or for that, matter, have not been approached 
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during jthe 24 hour experimental period. In each case, 
the apparent plateau nitroglycerin level shows no 
evidence of- decreasing, either before or at the 24 hour ' 
experimental time limit. 
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CLAIMS ; 

1. A polymeric diffusion matrix comprising from about 
2 to about 60 ^ of glycerol, from about 2 to about 15 J6 
of polyvinylalcohol, from about 2 to about 10 56 of a 
water-soluble polymer with hydration sites which in 
combination with the remaining ingredients yield a 
matrix capable of sustained release of a drug dispersed 
therein, and the balance water, the percentages being 
by weight.. 

2. A polymeric diffusion matrix as claimed in claim 
1, wherein the matrix is cured and comprises from about 
2 to about 55 % of glycerol, from about At to about 30 ^ 
of polyvinylalcohol, from about 2 to about 20 ^ of the 
water-soluble polymer having hydration sites, and the 
balance water. 

3. A polymeric diffusion matrix as claimed in claims 
1 or 2, wherein the water-soluble polymer is polyvinyl- 
pyrrolidone, agar, agarose or a water-soluble cellulose 
derivative. 

^- A polymeric diffusion matrix as claimed in any one 
of claims 1 to 3, wherein the polyvinylalcohol has a 
molecular weight of from about 100,000 to about 150,000, 
and the polyvinylpyrrolidone, when present ias the water- 
soluble polymer, has a molecular weight of from about 
20,000 to about 60,000. 

5. A method of making a polymeric diffusion matrix 
comprising; in an uncured state and on .a weight basis, 
from about 2 to about 60 ^ of glycerol, from about 2 to 
about 15 $ of polyvinylalcohol, from about 2 to about 
10 5& of a water-soluble polymer having hydration sites, 
and the balance water, which method comprises mixing 
the constituents, heating the mixture and casting the 
mixture to form the diffusion matrix. 

6. A method as claimed in claim 5, comprising the 
following steps: 
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(a) mixing the glycerol with water; 

(b) dissolving the polyvinylalcohol and the water- 
soiuhle polymer having hydration sites in the mix- 
ture of (a) hy stirring and heating to from about 
90 to about 95*^0; and 

(c) casting the mixture to form sheets of the 
diffusion matrix, 

7. A method as claimed in claim 6, including the addi- 
tional step of curing the matrix obtained in (c) to 
produce a cured matrix comprising, on a weight basis, 
from about 2 to about 55 ^ of glycerol, from about ^ to 
about 30 $ of polyvinylalcohol, from about 2 to about 
20 $ of the water-soluble polymer having hydration sites, 
and the balance water. 
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CLAIMS ; 

1. A method of making a polymeric diffusion matrix 
comprising, in* an uncured state and on a weight basis, 
from ahout 2 to about 60 % of glycerol, from about 2 

to about 15 % of polyvinylalcohol, from about 2 to about 
10 J6 of a water-soluble polymer having hydration sites, 
and the balance water, which method comprises mixing 
the constituents heating the mixture, and casting the 
mixture to form the diffusion matrix. 

2. A method as claimed in claim 1, comprising the 
following steps: 

(a) mixing the glycerol with water; 

(b) dissolving the polyvinylalcohol and the water- 
soluble polymer having hydration sites in the 
mixture of (a) by stirring and heating to from 
about 90 to about 95*^0 ; and 

(c) casting the mixture to form sheets of the 
diffusion matrix, 

3. A method as claimed in claims 1 or 2, wherein the 
water-soluble polymer is agar, agarose, . pplyvinylpyrro- 
lidonc or a water-soluble cellulose derivative. 

A method as claimed in claim 3, wherein the water- 
soluble polymer is polyvinylpyrrolidone and including 
the additional step of curing the matrix obtained in 
(c) to produce a cured matrix comprising, on a weight 
basis, from about 2 to about 55 ^ of glycerol, from 
about k to about 30 % of polyvinylalcohol, from about 
2 to about 20 j6 of polyvinylpyrrolidone , and the balance 
water. 
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